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ABSTRACT

Dynamic sweetness perception of commercial food grade trehal ose, sucrose solutions
and their mixtures was studied for awide range of concentrations. For Gustatory Reaction Time
(GRT) concentrations ranged from 2.3 to 13.8% sucrose and up to 23.0% for trehalose. For
Time Intensity (T-I) sucrose or trehal ose solutions (concentration range 2.3 — 36.8%) and their
combinations (23.0 and 36.8% total solids) were analyzed. Trehalose had bigger GRT along the
studied range. Both sugars presented similar values for persistence and times of plateau and to
maximum intensity, while a significant difference was observed in intensity and GRT at equal
concentrations. Trehal ose had longer persistence than sucrose in equi-sweet solutions. Overall
sweetness profile of some sucrose solutions (i.e. 29.9% sucrose solution and 0.6
sucrose/trehal ose ratio mixture at 36.8% total solids) were perceived as similar to mixtures of
sucrose/trehal ose or single trehal ose solutions; which suggests the possibility of sugar

replacement without completely modifying sweetness perception.

Practical Applications

It has been suggested that trehal ose may be a potential substitute for sucrose and other
sugars used in food formulation because, although its chemical structureisvery similar to that
of sucrose, it is more stable at low pH and high temperatures. It is not involved in
caramelization and does not participate in Maillard reaction with amino acids/proteins. In
order to fully establish the potential of trehal ose as a functional replacement of sucrose we have
determined the sweetness dynamic profile (Gustatory Reaction Time and Time-Intensity curves)
of trehal ose solutions and sucrose/trehal ose solutions; this aspect is needed for adequately

replacing (partially or totally) sucrosein food systems.

Key words: Trehalose;, sucrose; sweethess; time-intensity; gustatory reaction time; sensory

anaysis.



INTRODUCTION

Trehalose is anon reducing disaccharide composed of two glucose molecules linked

by an a, a -1,1 glycosidic bond. It is naturally found in mushrooms, yeasts, certain spores

(Crowe et al. 1988) and even insects hemolymph (Lee, 1980). In the past yearsit has been
studied due to its physical, chemica and biological properties. It has become increasingly
available for food application as produced by the Hayashibara method (Cargill, 2004)
being considered a generally recognized as safe (GRAS) multipurpose ingredient for all
uses in food in accordance with current good manufacturing practices.

Even though its chemical structureisvery similar to that of sucrose, trehalose has an
extraordinary chemical stability which makesit particularly interesting as a functional food
additive. It is more stable than sucrose at low pH conditions and high temperatures. It is
hardly involved in caramelization and does not result in Maillard reaction with amino acids
and proteins, thus preserving the natural color of the product. In agueous solutions it
presents a water activity (a,) lowering behavior identical to that of sucrose at the same
concentrations (Galmarini et al. 2008). This allows its use in combination with sucrose to
optimize sweetness without altering the a,, which isrelated to microbia stability.

Trehal ose has a mild sweetness equivalent to 45% of sucrose (American Dietetic
Association, 2004; Birch et al. 1970) but little work has been reported on its dynamic
profile, which is known to give a closer description to actual perception during ingestion.
For this purpose the two main tools usually utilized to describe sweetness dynamic profile
are, T-1 curvesand GRT.

T-I curves quantify the continuous perceptua changes that occur in a specified
attribute, providing temporal information about perceived sensations, from onset through
extinction. They can be characterized by severa parameters including, maximum intensity

(Imax), time to maximum intensity (Tmax), total duration of sweet taste (Tqy), time for sweetness

intensity to decline to half its maximum value (Tsomax), a€aunder curve (AUC), rate of increase



(Rinc), rate of decrease (Ryec) and plateau time (Tyia). Portmann and Birch (1995) described
sweet taste of trehalose only in terms of intensity and persistence by SMURF (Sensory
Measuring Unit for Recording Flux) technique. However, they did not evaluate other
important parameters that describe changes in sweetness along time which can be obtained
by T-I records. It is to be noted that their evaluations were carried out along a small
concentration range (2.3 to 9.2%) and also the trehalose used at that time was not a
commercial product, as the one currently used by the food industry (Hayashibara, Cargill,
2004).

Gustatory Reaction Time (GRT) is defined as the minimum time required by a
subject to report any taste changes after onset of taste stimulation at low concentration
levels; being this the scope in which T-1 has a smaller sensitivity (Zamoraet al. 1998). This
kind of study contributes to explaining the dynamic behavior of substances near threshold
and up to near half supraumbral range (i.e. 15% in sucrose solutions, Zamora et al 1998).
No previous work was found in literature describing GRT for trehal ose.

The aim of the present work was to characterize sweetness perception for trehal ose and
sucrose solutions as well as their mixtures using dynamic methods such as GRT and T-1; awide

range of solid concentrations was considered.

MATERIALS AND METHODS

Preparation of solutions

All tested solutions were prepared with commercial food grade crystalline trehalose
(dihydrate) provided by Cargill Inc., WayzataMN, U.S.A., commercial sucrose from Ledesma
S.A., Argentinaand distilled water.

Solution concentrations tested by GRT technique were, 2.3%; 4.6%; 9.2% and 13.8 %
for sucrose; and, 2.3%; 4.6%; 9.2%; 13.8%; 16.1% and 23.0% for trehalose. These
concentrations were selected based on previous work by Zamoraet. al (1998) which showed

that the greater variation of GRT isfound near threshold concentration becoming constant at



higher concentrations, i.e. 15% for sucrose. The studied range for trehal ose was extended due to
its lower sweetness intensity at equal concentrations.

The T-I method was used to evaluate pure saccharide solutions (sucrose or trehal ose) as
well as their mixtures; in this case concentrations were, 2.3%; 9.2%; 16.1%; 23.0%; 29.9% and
36.8%, for sucrose and trehal ose. These were chosen based on previous work from Portmann
and Birch (1995). Regarding sucrose/trehal ose mixtures they had a total solid content of 23.0
and 36.8 %, and were prepared by replacing different amounts of sucrose by trehal ose obtaining
mixtures ranging between pure sucrose to pure trehalose with the following sucrose/trehalose
(st) ratio, 15.0; 4.3; 3.0; 1.7; 1.3; 0.8; 0.6; 0.3; 0.2; 0.06 at total concentrations of 23.0 and
36.8%. In order to find the significantly different mixture solutions within mixtures
compositions, al blends were analyzed by paired comparison. All solutions were kept at 4°C
and tested at 18+2 °C.

Gustatory Reaction Time (GRT)

GRT of sucrose and trehal ose solutions was eval uated using a computerized system
developed by Guirao and Zamora (1999). This equipment consisted of a pumping system, a
computerized interface and a push button. The pumping system delivered a standardized amount
of a chosen solution directly into the mouth of the assessor. The software commanded this
pumping system allowing to control the duration of stimuli presentation (400 milliseconds) and
interstimuli intervals (3000 milliseconds). Once the stimuli was delivered, the subject had to
press the push button as soon as something different from water was identified (“go no go”
procedure). This response was registered by the software recording the time (in milliseconds)
elapsed between pumping and button pressing.

For this part of the experiment nine assessors (all females, 22 to 50 years old) students
and staff from Facultad de Ciencias Agrarias, Pontificia Universidad Cat6lica Argentina were
recruited. They werefirst trained in the technique and use of the equipment with distilled water
along two sessions of 15 minutes each. During these training sessions judges had to press the
button as soon as they felt water (Touch Reaction Time) on the tongue surface. In this way they

got acquainted with the technique whilst their individual Touch Reaction Time (TRT) was



obtained. Sugar solutions were evaluated over 10 sessions of 15 minutesin individual booths
under day light (6500 K). An amount of 4 ml of sample was pumped directly into the mouth of
the assessor, solutions were presented in random order and rinsing with distilled water between
samples was mandatory .
Paired comparison

A pandl of 12 assessors (3 men, 9 women; 16-50 years old; students and staff from
Facultad de Ciencias Agrarias, Pontificia Universidad Catdlica Argentina) evaluated all the
solutions mentioned in Preparation of Solution (sucrose/trehal ose mixtures with atotal solid
content of 23.0 and 36.8 %, ranging between pure sucrose to pure trehal ose with the g/t ratio,
15.0; 4.3; 3.0; 1.7; 1.3; 0.8; 0.6; 0.3; 0.2; 0.06 ) by forced choice paired comparison (ASTM,
1977). Evauation was performed in duplicate obtaining a total of 24 answers. Each assessor
received two samples (10 mL) presented in three digit coded plastic cups and they had to choose
the sweetest one. Rinsing between samples with distilled water was allowed.

The first two pairs tested were the pure sucrose solutions (23.0% and 36.8%) against
15.0 sucrose/trehal ose ratio mixture at both total solids content. Assessors had to choose the
sweetest one. If this comparison proved significantly different then the next tested pair was 15.0
g/t ratio mixtures against 4.0 g/t ratio mixtures, if not 4.0 g/t ratio mixtures were testes against
pure sucrose solutions.
Time-Intensity (T-1) Measurements

Sweetness evolution over time was studied according to ISO TC 34/SC 12 N 385
(1999) using a computer software specially designed for this purpose. Assessors used a mouse
to move a cursor along a 500 pixel line which represented a 20cm unstructured line scale on the
monitor. For each sample and assessor data were automatically recorded every 0.35 seconds.
The software provided the T-1 curve as well as eight parameters which described it; maximum
intensity reached (Ima), time elapsed to maximum intensity (T ), total duration of sweet taste
(Tqur), time for sweetness intensity to decline to half its maximum value (Tsomax), area under
curve (AUC), rate of increase of sweet taste (Rinc), rate of decrease of sweet taste (Rqe:) and

plateau time (time during which taste intensity remained constant) (Tp«). ASSessors were



prompted by the computer to expectorate the sample at 10 seconds while continually recording
perceived intensity until sweet flavor reached extinction.

Only the assessors who participated in both the GRT evaluations and the paired
comparison experiment carried out the T-1 test (females, 22 to 50 years old).

For this part of the experiment assessors were trained in order to minimize individual
differences and standardize T-I curves aong intensity and time axes. For this purpose three
sucrose concentrations within the range used in this study were used as standards, 2.3; 23.0;
36.8%. These were given the following | reference values on a0 -100 scale: 5-15 (low
concentration); 50 — 60 (medium concentration); 90 -100 (high concentration). Taking these
reference values into account, the nine assessors performed the T-1 curves of each standard
solution in duplicate. These were analyzed obtaining a T, for each standard by eliminating
extremely long and short times and cal culating the mode value of this parameter. Afterwards,
assessors re-did their evaluation of the standards but now with areference value for | and Ty
Once assessors replicated the curves for the standard solutions, they could begin testing
unknown solutions. The number of training sessions depended on learning skills of each
assessor, ranging from four to six of 15 minutes each.

A balanced design was used so that all concentrations could be compared against each
other. At the beginning of each session and before analyzing unknown samples, judges
evaluated the standard solutions. These were aso included as unknown samples for control.
Trained assessors evaluated samples in triplicate along ten sessions of 40 minutes each in
individual booths under day light (6500 K).

Data Analysis

Average TRT values of each assessor were subtracted from their GRT values, in
order to evaluate only gustatory response dismissing motor and cognitive individual
differences. Ten values were obtained per assessor for every solution; media, standard
deviation and range were calculated. Final average values presented highly significant

differences among standard deviations (p<0.0001, Bartlett’s test) even after mathematical



transformation, therefore the non parametric Kruskal Wallis test and subsequent Connover’s
test were used. The gradients of the curves (GRT vs. concentration) obtained for each
assessor for sucrose and trehal ose were compared by t- test for two paired samples.

Significance level of paired comparison test was calculated by binomial test based
on the number of correct answers.

The T-I datafor triplicates of the 18 treatments were analyzed separately using non-
centered Principal Component Analysis (PCA) (Dijksterhuis et al. 1994; Piggott et al.
2000). Characteristic parameters were calculated for each of these new curves obtained by
non-centered PCA (in triplicate for each studied solution) and were analyzed by an Analysis
of Variance (ANOVA) and Student Neuman-Keuls (SNK) using replicates and solutions as
factors. These parameters were then averaged in order to perform a PCA and non
hierarchical k means cluster analysis.

Analyses were carried out with SPSSv. 13.0 (Inc. Chicago, IL), Unscrumbler v. 9.7
(CAMO ASA, N-0115 Oslo, Norway) and Infostat v. 2007 (Universidad Naciona de

Cordoba, Argentina).

RESULTS AND DISCUSSION
Gustatory Reaction Time (GRT)

For both sugars (trehalose or sucrose) GRT decreased with the increase of
concentration, as shown in Fig. 1. At any concentration sucrose was detected earlier than
trehalose, i.e. asmaller GRT; for example a 4.6% sucrose solution had almost the same GRT as
13.8% trehal ose solution.

Asnoted in Fig. 1 trehalose at 2.3% solution has arelatively large standard deviation as
compared to other data. This may be attributed to the fact that 2.3% is close to threshold
concentration of trehalose (Lee and Birch, 1975).

For both sugars, GRT may be fitted to a power function of concentration, following

Pieron’s Law (Pieron, 1914, 1920, 1952),



(GRT) -t, = kC™

where GRT is Gustatory Reaction Time, t, an asymptotic RT reached at higher stimulus
intensities, k the range of changes between t, value and the maximum RT determined at
threshold, C the concentration of the stimulus and o the exponent of the function.

The average empirical exponents of 10 assessors (a+ SD) were found to be -0.52 + 0.05
for sucrose and -0.37 + 0.05 for trehal ose, this values being significantly different (t- test for
two paired samples, p<0.001).

Even though GRT did not reach a constant value, the behavior of the curve seemsto be
asymptotic at high concentration values. Present results show that trehal ose has a longer taste
detection time than sucrose. This phenomenon could be explained by the good fitting between
the equatorial disposition of hydroxyl groups and the structure of water. The stereochemical
compatibility (water — trehalose) prevents the AH-B bonding to the receptor (Portmann and
Birch, 1995) which results not only in alower sweetness intensity but also in greater GRT.
Paired Comparison

Both pure sucrose solutions at 23.0 and 36.8% were not perceived as different from
15.0; 4.3 and 3.0 g/t ratio mixtures but were both perceived as significantly different (p<0.05
and p<0.01 respectively) from mixtures with 1.7 g/t ratio. These significantly different binary
solutions of 1.7 g/t ratio at 23.0 and 36.8% total solids were also perceived as different from
mixtures 0.6 s/t ratio at 23.0 and 36.8% (p<0.001 for both cases). These 0.6 g/t ratio solutions
were also found different from 0.2 g/t ratio solutions for both total solids content with p<0.001
for 23.0% and p<0.01 for 36.8%. For 36.8% total solids, the 0.2 s/t mixture was found different
from pure trehal ose solution (p<0.05) but in terms of 23.0% total solids solutions it was found
different from pure trehal ose solution (p<0.001) and from 0.06 g/t ratio solution (p<0.001). This
was the only case in which the differences did not remain constant between the two total solid

contents.



The data obtained could be extrapolated to other sucrose/trehal ose mixtures with a
different amount of total solids within the given range (23.0%-36.8% of total solid content),
knowing that in order to perceive a difference in sweetness intensity in a mixture, the
sucrose/trehal ose should be of 1.7 or less.

Sweetness dynamic profile

Results of ANOVA for T-1 parameters showed that sources of variation were type of
sugar (trehalose vs. sucrose) and their concentrations; however replication and
replication* concentration were not significant supporting the interpretation that the assessors
were consistent with their evaluations.

Fig. 2 shows the values obtained for I ma (@), Taur (), Tpia (€), T50max (d), Rinc (€), Tlmax
(f), Reec () and AUC (h) in terms of concentration for both sugars and their mixtures (18
treatments).

I max Was the parameter that showed the highest variation among concentrations and
sugars; all pure solutions were significantly different at p<0.05. 1,5 Values and concentrations
were related by a power function (See Fig. 2a; being r’= 0.98 and 0.99 for sucrose and trehalose
respectively). Exponent () of power function was 0.79 for sucrose and 1.32 for trehal ose.
According to Guirao (1980) there is a positive correlation between absol ute threshold values
and 3: the higher the threshold of a given substance the bigger the value of 3. This suggestion
agrees with the experimental fact that trehal ose has a much bigger threshold value than sucrose
(2.5 g/100 ml for trehalose and 0.65 g/100mL for sucrose; Lee and Birch, 1975).

Birch et al. (1970), stated that sucrose is 40-45% sweeter than trehalose. In present
work the | Values of both sugars were compared at each concentration observing that
their sweetness ratio (trehal ose/sucrose) varied from 0.32 to 0.51 (mean 0.44) in the range
studied. It isto be noted that present results were obtained by extrapolating parameters from
a dynamic technique which is not specially designed for this purpose.

Binary solutions were perceived as different (see Fig. 2a) from each other and from pure

solutions with the same total solid content (p<0.05); however there were some similarities with

10



pure solutions at other concentrations. A mixture of 23.0% total sugar with a0.2 g/t ratio was
perceived alike pure sucrose at 16.1%; while 23.0% mixture of 0.6 s/t ratio was similar to pure
trehalose at 36.8%.

In order to evaluate if there was a synergic, additive or suppressive behavior between
the studied sugars, perceived and expected sweetness intensity were compared. Thisdatais
presented in Table 1. Perceived sweetness intensity was given by the |5 values obtained (Fig. 2
a— bar graph) while expected sweetness intensity was calculated by adding sweetness intensity
of pure sugar solutions at their concentration in the mixture by means of the equations presented
inFig.2a

Even though the proportion perceived/expected sweetness intensity ranged from 1.0 to
1.3, these results were not statistically significant (t- test for two paired samples, p>0.05). In
sensory evaluation same quality interactions are often predicted by a sigmoideal shaped
psychophysical function, with expansive, linear or compressive phases (Keast and Bredlin,
2003). Thelinear region isin the middle of the function and should result in intensity additivity
when two concentrations from this region are added together and have a closeto 1. The
mixtures studied belong to this region (linear) and their  is near the mentioned value, which
explains why an additive behaviour, except of synergism, was found. Thisis also suggesting
that both sugarsinteract with the same receptors given that if two sweet compounds act via the
same mechanism, mixtures of two should behave in an additive manner (Hayes 2008).

Fig 2b presents the obtained results for Ty, FOr sucrose this parameter was described as
alinear function of concentration in the range studied (r?= 0.97) but for trehal ose the same
behavior was observed only up to a concentration of 29.9% (r’=0.99); after that value the
parameter remained constant.

Pure solutions at equal concentrations presented no significant differences except at
36.8% where sucrose showed a much higher persistence than trehal ose (p<0.05). In this way,
equal concentrations showed significant differences for I but not for Tg,. When comparing
the values of T, for equi-sweet concentrations by means of the equations presented in Fig 2a,

the ratio trehal ose/sucrose abtained is 1.5 for the linear studied range. This shows that in equally
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intense solutions trehal ose is much more persistent than sucrose. In previous work Portmann
and Birch (1995) reported that trehal ose presented a greater persistence than sucrose at equal
concentrations while the findings of thiswork reveal that this bigger persistence is found for
equi-sweet concentrations.

Among binary solutions with a 36.8% total solids significant differences were found,
being the solution with a greater proportion of trehalose similar to pure 36.8% trehal ose solution
and less persistent than the other two mixtures (p<0.05).

For the parameter T a (Fig 2¢) 36.8% pure sucrose was the only solution which was
perceived as significantly different (p<0.05) from every other solution, showing the highest
value.

Fig 2d shows that both sugars presented similar linear functions of T50 in terms of
concentration. The greater differences among pure solutions were observed for concentrations,
16.1%; 23.0% and 36.8%. In binary solutions of 36.8% total solids, the one with the least
trehal ose content presented a greater T50 than the other two mixtures with the same total
sugars.

Both sugars presented a R that followed alinear function in terms of concentration
(Fig 2 €), having sucrose a greater gradient as a consequence of its higher intensity. Mixtures at
23.0% presented the same values as the pure solutions at the same concentration except for 1.7
s/t ratio solution which was different only from pure trehal ose solution. On the other hand,
36.8% binary solutions with a 1.7 and 0.6 s/t ratio had a Ri, equivalent to that of a pure sucrose
solution at 36.8% and different from pure trehalose at the same concentration while 0.2 s/t was
different from pure sucrose but not from pure trehal ose sol ution.

Tlhex (Fig 2 f) was similar for both sugars and their mixtures along the studied
concentration range. These results agree with those obtained for Tq, and Ty, Which did not
present big variations.

The Ryec (Fig. 2 g) for sucrose was almost constant along the concentration range here
studied, while for trehal ose this parameter showed a positive linear dependency on

concentration (r’=0.98). These results show that an increase in perceived intensity is
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accompanied by an increase in persistence for sucrose but not for trehalose. For this parameter,
mixtures at 23.0% were all significantly different (p< 0.05) from trehal ose pure solution at the
same concentration but not from sucrose.

The AUC (Fig. 2 h) showed significant differences (p< 0.05) among sucrose solutions at
different concentrations except for 2.3 and 9.2%. Trehal ose solutions did not show differences
between 9.2 and 16.1% and between 29.9 and 36.8%. All binary solutions at 36.8% total solids

were different from pure sucrose and trehal ose solutions.

In order to summarize T-I responses of all tested solutions, the obtained parameters for
the three replicates of each solution were averaged and Principal Component Analysis was
performed (Fig. 3) using the correlation matrix.

Thefirst Principal Component (PC1) was responsible for 83.1% of the total variation
and was the only component with an eigenval ue greater than one (6.65), being the only factor
necessary to explain variation among solutions.

Six groups of samples were formed by non hierarchical k means cluster analysis. The
36.8% pure sucrose solution was not related to any other solution and the same was observed
for the mixture of 36.8% total solid with a 1.7 g/t ratio. Sucrose solution at 29.9% was paired
with the mixture of 36.8% total solids with a 0.6 g/t ratio. This shows that even though these two
solutions had different amounts of solid contents, their maximum intensities were perceived as
different but the sweetness profiles (i.e., Taur, Tpiar Tsomaxs Timax) Were very similar. Another
group was conformed by five solutions, sucrose 23.0%; trehal ose 36.8%; 23.0% solids mixtures
with 1.7 and 0.6 g/t ratio and the 36.8% binary solution with 0.2 g/t ratio. In thisway,
considering sweetness profile perception a 23.0% sucrose solution could be replaced by
different binary mixtures or even by a pure trehal ose solution of a higher concentration. The
fifth cluster included 29.9% and 23.0% trehal ose, 16.1% sucrose solutions and the binary 23.0%
solids solutions with 0.2 and 0.06 s/t ratio. Thisis another example of agroup of saccharides

solutions which can be exchanged according to technol ogical needs without altering sweetness
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profile sensory perception. The last group was composed of the four least concentrated

solutions, 2.3% and 9.2% sucrose and 9.2% and 16.1% trehal ose.

CONCLUSION

When comparing sucrose to trehalose at equal concentrations, trehal ose presented |esser
sweetness, bigger GRT and the same persistence. However, in terms of equi-sweet solutions
trehal ose presented a greater persistence than sucrose. This found characteristic could be of
great use in products were sweetness persistence is desired, such as chewing gums and candy.

The similarities observed in thiswork for both sugarsin Time-Intensity parameters such
asS Taur, Tpiar Tsomax 8Nd Timax revealed that trehal ose and sucrose showed similar sweetness
profiles. In thisway, trehalose could be of much use in those products were major chemical
stability is desired, obtaining a higher quality product without altering sensory perception; i.e.

sweet foodstuffs in which Maillard reaction is not desired.
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TABLE 1. COMPARISON BETWEEN PERCEIVED AND EXPECTED SWEETNESS

INTENSITY IN BINARY SUCROSE/TREHALOSE MIXTURES.

Sucrose/ trehalose  Total sugar ~ Perceived Excpected sweetness  Perceived/expected

ratio content sweetnessintensity  intensity sweetness intensity
(Imax value, Fig. 2a
— bar graph)

17 23.0 133 106<> +18,=124 11

0.6 230 119 71,+36,= 107 11

0.2 23.0 104 41,+52 =93 11

0.06 230 89 17,+62,= 79 11

17 36.8 237 143 <>+35 , =178 13

0.6 36.8 202 102 <>+72 L= 174 12

0.2 36.38 159 59,+98 = 157 10

“values were obtained by adding expected sweetness intensity of pure sucrose in the concentration given in the

mixture to expected sweetness intensity of pure trehalose in the concentration given in the mixture. For this purpose

equations from regressions line (Fig. 2 a) were used.

N sucrose

N trehalose
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Figure captions

Figure 1. Gustatory Reaction Time (Msec) as a function of concentration for sucrose and
trehal ose. Different lower case letters represent significant differences (p<0.05) among solutions

according to Student Neuman-Keuls.

Figure 2. Time-Intensity parameters as a function of concentration. Different lower case
letters on the bar graph represent significant differences (p<0.05) among solutions

according to Student Neuman-Keuls.

Figure 3. Principal Component Analysis of sweetness Time-Intensity data. Projection of Time-
Intensity parameters loadings (vectors) and sample factor scores on principal components 1 and
2. Clusters are delimitated. Numbers 1-6 refer to sucrose 36.8%, 29.9%, 23.0%, 16.1%, 9.2%,
2.3% respectively; 7-11 to trehal ose 36.8%, 29.9%, 23.0%, 16.1%, 9.2%, respectively; 12-14 to
36.8% total solids solutions at 1.7; 0.6 and 0.2 g/t ratio respectively and 15-18 to 23.0% total

solids solutions at 1.7; 0.6, 0.2 and 0.06 s/t ratio respectively.
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